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(54) Telecommunication equipment support of high speed data services 



(57) A line interface unit terminates individual sub- 
scriber lines and supports conventional telephone serv- 
ice and high speed data service. It provides an interface 
between subscriber customer premises equipment and 



central office equipment. The use of large diplex filters 
is not required in order to terminate subscriber lines at 
the central office while providing high speed data serv- 
ices 
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Description 

Background of the Invention 

This invention relates to telecommunications equip- 
ment which terminates subscriber lines and supports 
high speed data service for subscribers. The invention 
is especially suited, but not limited to, providing high 
speed data services which exceed the capability of con- 
ventional POTS terminating equipment. 

In the United States, subscribers are commonly 
provided with telephone services known as plain old tel- 
ephone services (POTS). Such services include provid- 
ing conventional dial-tone and automated dialing fea- 
tures including the use of dual frequency tone signaling 
to communicate dialed number information. Additional 
modem telephone features including conferencing, call 
waiting, incoming caller identification, and other com- . 
mercially available features. 

Subscribers utilize a POTS line lo carry convention- 
al modem signals controlled by a personal computer to 
another modem via the public switch telephone network. 
Modems are currently available which advertise data 
communication rates up to 33.6 kilobits per second over 
dial-up analog subscriber linos. Now modems have 
been announced which are to be capable of data com- 
munications up to 56 kilobits per second. Those skilled 
in the art will understand that the maximum data rate 
which can be transmitted using modems over a POTS 
subscriber line is limited by the sampling rate, the band- 
width of the channel, and the rate by which the analog 
signals are converted to digital signals by the line card 
units which terminate each POTS line at a central office. 
Thus, conventional modem data rates are limited by the 
POTS line cards which terminate the subscriber lines. 

It is well known that subscribers in the United States 
can lease special subscriber lines from their telephone 
providers which accommodate higher data rates than 
are supported by conventional dial-up subscriber lines. 
Such higher speed lines utilize different terminating cir- 
cuitry at the central office to accommodate higher data 
rates. For example, integrated services digital network 
(ISDN) terminating equipment will provide a subscriber 
with the capability of higher data rates than a conven- 
tional POTS terminated line. The known asynchronous 
digital subscriber line (ADSL) technique which is sup- 
ported by available equipment provides a significantly 
higher data rate to a subscriber over a conventional cop- 
per two-wire subscriber line. Of course, the ADSL serv- 
ice requires proper terminating equipment at the central 
office and at the consumer premises to accommodate 
the greater throughput capabilities, i.e. data rates. 

FIG. 1 illustrates currently available services in the 
United States to subscribers using conventional two 
wire copper loops. Equipment to the right of dashed line 
10 represents customer premises equipment (CPE); 
equipment to the left of line 10 represents central office 
line termination equipment. The POTS line interface 12, 



also known as a line card, provides an interface between 
digital incoming and outgoing communication lines 14 
and 16. and analog signals carried on subscriber line 
18. For example, lines 14 and 16 may carry 64 kilobit 
5 per second pulse code modulation (PCM) signals rep- 
resentative of analog information received from and 
transmitted to line 18. A main distribution frame (MDF) 
20 is used to interconnect a plurality of incoming sub- 
scriber lines to various terminating equipment at the 

10 central office. In this example : line 18 is connected 
through a diplex filter 19 and MDF 20 to subscriber line 
22. A conventional telephone instrument 24 at the con- 
sumer's premises is connected through diplex filter 23 
to subscriber line 22. 

1 $ FIG. 1 also illustrates another service to the sub- 
scriber which provides a high speed data capability. An 
ADSL interlace circuit 26 provides an interface between 
the central office and the subscriber for transmitting and 
receiving data at rates up to several Megabits per sec- 

2 o ond. Lines 28 and 30 provide inbound and outgoing dig- 
ital data communications representative of information 
to and from the subscriber carried on line 32. Line 32 is 
connected via diplex filter 1 9 and MDF 20 to subscriber 
line 22. An ADSL interface 36 provides an interface be- 

25 tween conventional digital data communicated with a 
user's personal computer 38 and ADSL analog format 
signaling communicated on line 37. The diplex filter 23 
couples the ADSL signal between ADSL interface 36 
and subscriber line 22. The advantage to the user is that 

30 the ADSL facilities support a substantially higher data 
rate than would be available if the subscriber utilized 
communications terminated via the POTS line.interface 
12. 

A disadvantage illustrated in FIG. 1 is that diplex 
35 filters 1 9 and 23 are required. These known diplex filters 
function to separate the higher frequency signals asso- 
ciated with ADSL signaling from the lower frequency sig- 
nals (typically < 4 Kilohertz) associated with the conven- 
tional POTS communications. The conventional diplex 
40 filters consist of a lattice of inductors and capacitors that 
provides the needed filtering while maintaining direct 
current (DC) continuity required to support battery feed 
current for POTS service. Because of the DC which 
must be carried and the voltages which are encoun- 
45 tered, such as during ringing, the inductors used in the 
diplex filters occupy a relatively targe volume. Thus, a 
conventional diplex filter occupies a significant amount 
of space, lor example about 90 cubic centimeters. The 
size of these filters and the wiring associated with con- 
so nectingthemtothe MDF, ADSL interface, and the POTS 
lir^e interface take up precious space in the terminating 
equipment cabinets where space is limited. This prob- 
lem is magnified as more and more subscribers request 
such service. Therefore, a need exists to provide such 
55 high speed services while minimizing the space and wir- 
ing requirements especially at the terminating equip- 
ment. 
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Summary of Invention 

It is an object of the present invention to address 
the above referenced need by providing a solution which 
minimizes the space and wiring associated with the cen- 
tral office terminating equipment for high speed data 
services. 

In accordance with one embodiment of the present 
invention, access interface units terminate subscriber 
lines by which the corresponding subscribers can utilize 
POTS services and/or high speed data services such 
as ADSL. The access interface units support both types 
of service without utilizing a conventional diplex filter. 
The access interface units include a line support circuit 
wherein two way communications on the subscriber 
loop are separated into inbound and outbound commu- 
nications on separate channels. The inbound commu- 
nications are split into first and second signals. The first 
signal is low pass filtered and converted into digital for- 
mal signals by a Codec. The second signal is high pass 
filtered and converted into digital format signals by a 
high speed data receiver. The outbound communica- 
tions is the summation of third and fourth analog signals 
from a Codec and high speed data transmitter. An im- 
portant aspect of this invention resides in the ability to 
use conventional low voltage, low current passive and 
active components for the low pass and high pass filters. 
These filters do not have to accommodate high voltage 
ringing signals nor the DC battery feed current needed 
by POTS telephones since the high voltage ringing sig- 
nals and battery feed are provided by the line support 
circuit. 

Brief Description of the Drawings 

FIG. 1 illustrates a prior art implementation in which 
a subscriber is provided POTS and high speed data 
services by using a diplex filter to support line termina- 
tion equipment. 

FIG. 2 illustrates an embodiment of the present in- 
vention where an access interface unit accommodates 
POTS and high speed data services over a single sub- 
scriber line without requiring a conventional diplex filter 
at the terminating central office equipment. 

FIG. 3 illustrates an exemplary embodiment of the 
line support circuit as shown in FIG. 2. 

FIG. 4 illustrates another embodiment of the 
present invention in which a multiple line interface unit 
terminates several subscriber lines and shares high 
speed data resources among the subscriber lines. 

Detailed Description 

In accordance with the present invention, a single 
subscriber line supports at least two different classes of 
subscriber service, e.g. POTS and high speed data 
services such as XDSL. The "X° in XDSL represents one 
of a family of digital subscriber line services, such as 



ADSL (Asynchronous), RDSL (Rate-adaptive), and VD- 
SL (Very high speed). As used herein "high speed data 
interface' refers to apparatus that uses a signaling 
method to provide higher data transmission speeds than 
5 can be supported by conventional POTS tine terminat- 
ing equipment. 

Referring to FIG. 2, consumer premises equipment 
is located to the right of dashed line 40; central office 
equipment including line terminating equipment is locat- 

w ed to the left of dashed line 40. A two-wire copper sub- 
scriber line 42, also known as a subscriber loop, con- 
nects consumer premises equipment located to the right 
of line 40 with central office terminating equipment to 
the left of line 40. The subscriber may utilize a conven- 
es tional telephone instrument 44 which can be connected 
to subscriber line 42 via a diplex filter 43 to receive 
POTS. The subscriber may elect to couple a high speed 
data interface, e.g., XDSL interface 46, via diplex filter 
43 to subscriber line 42 to support high speed data com- 

20 municalions. A personal computer 48 is illustratively 
shown connected to XDSL interface 46. It will be appre- 
ciated by those skilled in the art that equipment other 
than personal computer 48 may be utilized to transmit 
or receive a variety of data representing different types 

25 of information. 

An access interface unit (AIU) 50 terminates sub- 
scriber line 42 via MDF 52. The AIU 50 is responsible 
for all interactions and communication signals transmit- 
ted to and received from subscriber line 42. Additionally, 

30 AIL) 50 is responsible for providing separate inbound 
and outbound data paths for communicating information 
with the central office switch such as utilizing PCM en- 
coded digital signals or asynchronous transfer mode 
(ATM) format signals. Communication channels 54 and 

35 56 carry inbound and outbound high speed digital infor- 
mation, respectively. Communication channels 58 and 
60 similarly carry inbound and outbound conventional 
telephone information, respectively. 

Line support circuit 62 terminates subscriber line 42 

40 and provides conventional POTS subscriber line sup- 
port facilities. The line support circuit 62 provides the 
simplex to duplex communications interface by which 
duplex communications on subscriber line 42 are sep- 
arated into independent transmit and receive communi- 

45 cations coupled to the central office. Line 64 carries in- 
formation from the subscriber and line 66 carries infor- 
mation to be transmitted to the subscriber. Line 64 is 
coupled to signal splitter 68 which splits the information 
received from the subscriber into two substantially equal 

50 signals, one signal being applied to line 70 and the other 
signal being applied to line 72. Line 70 is coupled to high 
pass filter 74 and line 72 is coupled to low pass filter 76. 
The outputs from the high pass filter 74 and low pass 
filter 76 are coupled respectively to the XDSL receiver 

55 78 and CODEC (COder-DECoder) 80. The low pass fil- 
ter 76 passes signals with frequencies relevant for con- 
ventional voice communication, such as below four Kil- 
ohertz, to the CODEC which translates the analog voice 
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sociated with the high speed data can be incorporated 
into the interface units 142A...142M. Alternatively, such 
filtering could be accomplished in the analog domain be- 
fore conversion of the analog signals associated with 
the line support unit into digital signals. IrHhat case, the 5 
filtered analog signals would be sent via lines 148A... 
I48N to the HSDU and the interface units 142A...142M 
would process the filtered analog signals. An important 
aspect of the invention resides in not having to provide 
such filtering at the "front end' of the line support circuit 10 
where ringing signals and battery feed requirements 
place further demands on such filtering. 

A controller 1 50 provides call processing communi- 
cations and instructions among the central office via line 
152, HSDU 140 via line 154, and the SlUs via line 156. is 
A microprocessor 158 is supported by read only mem- 
ory (ROM) 160, and random access memory (RAM) 
162. The microprocessor 158 is connected to input/out- 
put interface 164 which supports the receipt and trans- 
mission of signals over lines 152, 154 and 156. Call 20 
processing instructions and status information are com- 
municated on line 152 between the central office and 
MLIU 120 via controller 150. Instructions are communi- 
cated on line 154 to HSDU 140 to control the path se- 
lections made by selector 1 46. Call processing informa- 2s 
tion is carried on line 156 between controller 150 and 
the SlUs. 

It will be apparent to those skilled in the art that var- 
ious implementations of the present invention is possi- 
ble. For example, very large scale integration (VLSI) 30 
techniques could be used to construct a multiple line in- 
terface unit wherein the required functions in the SlUs 
could be provided in a common shared circuit. A DSP 
with sufficient power and capabilities could service sev- 
eral if not all of the SlUs. Further, common functions of -35 
the XDSL interface units suggest several if not all of 
these units could be combined into a shared processing 
circuit or chip. It is also contemplated that the functions 
of the HSDUs and the SlUs could be combined in whole 
or in part by a sufficiently powerful DSP or DSPs or a 40 
computing system. Alternatively, the internal compo- 
nents of the MLIU could be segregated by analog and 
digital functions. 

An example of a subscriber receiving XDSL servic- 
es is explained below with regard to the embodiment 45 
shown in FIG. 4. The following steps describe providing 
XDSL services for the subscriber as the called party. 

1. The central office equipment sends a call setup 
message by channel 1 52 to controller 1 50. The cen- so 
tral office setup message identifies the subscriber 
line to which high speed data services is to be pro- 
vided. Controller 150 maintains a stored table that 
correlates subscriber lines to corresponding sub- 
scriber interlace units, and hence the SI U to receive ss 
XDSL information is known based on the identity of 

the subscriber line. 

2. Controller 1 50 generates a command transmitted 
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via communication path 1 56 to SI U 1 24A supporting 
subscriber line 122A. The subscriber served by 
subscriber line 122A is the party to receive XDSL 
communications in this illustrative example. 

3. Controller 1 50 generates another command sig- 
nal transmitted on line 1 54 to the HSDU 1 40 (selec- 
tor 146) which identifies input line 148A to be uti- 
lized to provide XDSL communications with line in- 
terface unit 124A. Controller 150 stores a table of 
availability of the interface units 142A ... 142M and 
assigns a not in use high speed interface unit such 
as 142A to handle the XDSL communications with 
subscriber line 122A. 

4. Following the establishment of a communication 
path between the subscriber line 122A and the HS- 
DU 140, controller 150 sends a reply message via 
channel 1 52 to the central office equipment confirm- 
ing that the requested XDSL communication path 
has been established and identifying the high speed 
data unit 142A and corresponding line 144A which 
will carry the subject XDSL communications be- 
tween the central office equipment and MLIU 120. 
Thus, a completed path to the central office is now 
available to carry XDSL communications with cus- 
tomer premises equipment coupled to subscriber 
line 122A. 

In the above example, the controller 150 maintains 
a database of the availability of the interface units 
142A ... 142M to handle an XDSL service request. Al- 
ternatively, the central office could maintain a table or 
database of interface unit availability and provide con- 
troller 150 with the identification of the interface unit to 
be used. 

The following steps illustrate the origination of a re- 
quest by a subscriber for XDSL services implemented 
on an on demand basis. 

1 . For this illustrative example, assume that the sub- 
scriber requesting XDSL services is associated with 
subscriber line 122A. Utilizing customer premises 
equipment coupled to subscriber line 122A, the 
subscriber will initiate a request for XDSL commu- 
nications such as by sending a request for services 
signal to the associated SIU 124A. 

2. Using known signal detection techniques, the 
DSP 132 of SIU 124 A will recognize the request for 
services signal. 

3. SIU 124A will then generate a command on line 
1 56 advising controller 1 50 of the request for XDSL 
services by the subscriber associated with line 
122A. 

4. The controller 1 50 transmits a service request on 
line 1 52 to the central office. The central office after 
checking the availability of one of lines 144A... 
144M sends an instruction to controller 150 advis- 
ing of the line, e.g. 144A, to be used in accommo- 
dating this request for services. 
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5. The controller 1 50 transmits a command signal 
on line 154 to HSDU 140 (selector 146) indicating 
the XDSL interface unit 142 A to be connected to 
SIU 124A via line 148A. 

6. The controller 150 preferably further generates a 
command signal on line 156 to SIU 124A to advise 
of the path completion. 

7. Thus, an XDSL communication path is estab- 
lished between the subscriber's customer premise 
equipment associated with subscriber line 122A 
and high speed data line 144A which carries sim- 
plex inbound and outbound communications to the 
central office equipment. 

It is also contemplated that the high speed services 
could be provisioned by a telecommunication system 
administrator, i.e. so called "nailed up". In this circum- 
stance, one of lines 144A... 144M would be assigned on 
a good until changed basis to one of the SlUs, and 
hence to a subscriber served by that SIU. In this ar- 
rangement, the subscriber would always have immedi- 
ate access to high speed facilities. 

Although an explanation of embodiments of the 
present invention have been made above with reference 
to the drawings, the scope of the invention is defined by 
the claims which follow. 



Claims 

1. A line termination unit in a telecommunications sys- 
tem that supports plain old telephone services 
(POTS) and high speed data (HSD) services to a 
subscriber over a common two-wire subscriber line, 
the line termination unit comprising: 

a line support circuit that connects to said com- 
mon two-wire line and provides battery feed to 
said line, the line support circuit including 
means for receiving incoming analog POTS 
and HSD signals from the line and means for 
transmitting outgoing analog POTS and HSD 
signals to the line; 

means coupled to the line support circuit for 
separating the received incoming analog sig- 
nals into first and second signals where the first 
signals represent POTS information and the 
second signals represent HSD information; and 
means coupled to said separating means for 
converting the first signals into third digital sig- 
nals having a format used for POTS signals by 
an associated central office and transmitting 
the third digital signals to the central office; 
means coupled to said separating means for 
converting the second signals into fourth digital 
signals having a format used for HSD signals 
by an associated central office and transmitting 
the fourth digital signals to the central office. 



2. The line termination unit according toclaim 1 further 
comprising: 

office interface means for receiving outgoing 
5 digital POTS and HSD signals from the central 

office; 

means coupled to the office interface means for 
converting the outgoing digital POTS signals in- 
to fifth signals and for converting the outgoing 
10 digital HSD signals into sixth signals where the 

fifth and sixth signals are analog signals repre- 
senting POTS information and HSD informa- 
tion, respectively; 

means coupled to said converting means for 
is combining the fifth and sixth signals into a com- 

bined signal that is coupled to the line support 
circuit which transmits the combined signal to 
the subscriber line. 
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3. The line termination unit according to claim 1 
wherein said separating means comprises a first fil- 
ter which permits said first signals to pass, the first 
filter does not carry current from said battery feed. 

4. The lino termination unit according to claim 3 
wherein said separating means further comprises a 
second filter which permits said second signals to 
pass, the second filter does not carry current from 
said battery feed. 

5. The line termination unit according to claim 1 
wherein said line support circuit has sufficient fre- 
quency bandwidth to convey the HSD information 
which requires a higher bandwidth than bandwidth 
needed to convey the POTS information. 

6. The line termination unit according to claim 1 
wherein the HSD services consists of asynchro- 
nous digital subscriber loop (ADSL) services. 

7. A multiple line termination unit in a telecommunica- 
tions system that supports plain old telephone serv- 
ices (POTS) and high speed data (HSD) services 
for N subscribers over common two-wire subscriber 
lines where N is a positive integer greater than one, 
the multiple line termination unit comprising: 

a plurality of subscriber interface units (SIU) for 
connection to the respective two-wire subscrib- 
er lines, each SIU provides battery feed to a re- 
spective two-wire subscriber line and includes 
means for receiving incoming analog POTS 
and HSD signals from the line and means for 
transmitting outgoing analog POTS and HSD 
signals to the line, each S!U provides an inter- 
face between analog POTS signals on the as- 
sociated subscriber line and digitized POTS 
signals communicated with the central office; 
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high speed data unit (HSDU) which supports M 
concurrent HSD channels where M is a positive 
integer less than N, the HSDU comprises a se- 
lector which is coupled to each SIU, the selector 
controlling which of the SI Us will be coupled to $ 
one of said HSD channels. 

The multiple line termination unit according to claim 
7 further comprising: 

a controller coupled to an associated central w 
office, the HSDU, and each SIU, the controller pro- 
viding call processing communications including in- 
structions that control the operation of said selector. 
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